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INTRODUCTION
Experimentally induced eczematous sensitizations have been
elicited with both simple chemicals and with more complex al-
lergens. Most of this work has dealt with various qualitative
aspects of sensitizations and to our knowledge there has been little
work dealing with quantitative aspects. This was probably so
because the opportunity to study deliberately induced eczematous
sensitizations on a more or less constant and controlled population
is not ordinarily afforded. We have had such an opportunity at
the St. Elizabeths Hospital,2 a mental institution, by reason of
which the population remains more or less unchanged for many
years. We therefore conceived a long-term program in which we
would study various factors which pertain to the engendering of
eczematous sensitizations. Inasmuch as we expect that several
papers will emanate from this work, and, inasmuch as, for the
purposes of comparison, a certain standardization of technique is
necessary, we shall give this technique (common to the separate
experiments) in detail' at this point.
1 Food and Drug Administration of the Federal Security Agency.
Read in abstract before the Fourth Annual Meeting of the Society for Investi-
gative Dermatology, Cleveland, Ohio, June 3, 1941.
2 We wish to express our thanks to Dr. W. Overholser, Medical Director of St.
Elizabeths Hospital, for his many courtesies.
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TECHNIQUE
The substances used were (1) 2:4 dinitrochlorbenzene (here-
after referred to as chemical A) and (2) paranitrosodimethyl-
aniline (hereafter referred to as chemical B). Both chemicals
were obtained from the Eastman Kodak Company and were then
recrystallized in the laboratories of the Food and Drug Adminis-
tration. Each time the chemicals were to be employed, 100
milligrams were weighed out and then dissolved in 10 cc. of ace-
tone. This furnished us a 1% (W/V) solution. Volumetric
dilutions, using acetone as the diluent, were made from the 1%
solution. Separate flasks and separate pipettes were used for
each dilution and the same flask and the same pipette were used
for the same dilution throughout the course of the experiments.
All glass tuberculin syringes fitted with * inch 26 gauge needles
were used to measure the amount of the solution to be dropped
onto the patient's arms. Each dilution of each chemical had its
own syringe and needle and was kept in its own box throughout
the entire course of the experiment in order to avoid contamina-
tion.
In view of the fact that we were endeavoring to study certain
quantitative aspects of eczematous sensitizations, it was import-
ant to be sure that we had uniform and reproducible conditions.
Essential to the attainment of this is that the sensitizing agent be
applied to an identical-sized skin area each time. To this end, a
right circular metal cylinder was constructed. The cylinder was
1 inch in diameter and inch in height. To one base of the cyl-
inder was affixed a handle so that the other base could be held
flush against the skin surface. A cotton applicator dipped in
petrolatum was then run around the lateral surface of the cylinder
while the base was held against the skin. On removal of the cyl-
inder, a circular area 1 inch in diameter, bounded by a wall of
petrolatum was obtained. The solution dropped onto this area
spreads over the surface, and upon evaporation of the acetone
leaves the chemical more or less uniformly distributed. There is a
tendency for the solution to "pile up" at the periphery, but this is
We are indebted to Dr. F. H. Wiley and Dr. D. Grove of the Food and Drug
Administration for their assistance in this respect.
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reasonably constant for all applications. The rate of dropping
must not exceed a certain rate, otherwise the fluid will run over the
petrolatum wall. After the acetone entirely evaporates, a cotton
pledget is used to wipe away the petrolatum.
The "sensitizing" dose of each chemical was applied about the
middle of the upper arms to the volar surface. Chemical A was
applied to the right arm and B to the left. These sites were read
at 48 hours. The "test" dose was applied approximately 1 month
after the sensitizing dose. The technique here was identical with
that used in the sensitizing exposure, except that the chemicals
were now applied to the volar surfaces of the forearms approxim-
ately in the middle, and the arms were reversed. That is, chemi-
cal A was now applied to the left arm and B to the right. The
test dose consisted in all cases of 0.1 cc. of a 1:10,000 dilution.
EXPERIMENT I.
The first experiment was composed of three parts: 1. to compare
the incidence of sensitization achieved by using two different
It had been previously determined that in a group of individuals who had
had no prior contact with either of these chemicals, this "test" dose caused no
primary reaction. It is, of course, true that had we used a more concentrated
solution as our test dose, we might have found the occasional individual who would
react to that strength and yet did not react to the test dose used. However,
inasmuch as this argument would apply no matter what strength was used (up to
100 percent) and inasmuch as when one goes up with the concentration there is an
increase in the number of primary reactions, so that the evidence for sensitization
becomes the more difficult of interpretation, we felt that a test dose of one tenth
the concentration of the weakest sensitizing dose used was the most satisfactory
compromise.
We would also like to point out here that there are two different criteria that
can be used to determine whether an individual has become sensitized, (1) that
he now reacts more strongly to some dose than he originally did, or (2) he now
gives a reaction to a dose to which he originally did not react. We chose the
latter inasmuch as we feel that this "all-or-none" criterion has a much sharper
"end point." In the first case, one is necessarily constrained to recall what a
reaction looked like at some time in the past and compare it with the reaction
that one is now reading or to compare some more or less arbitrary symbols for the
previous reaction with the symbolic interpretation for the present reaction. We
do not believe that this is nearly as satisfactory as the much simpler task of decid-
ing that there either is or is not a reaction present. In many of our patients we
noted an increase in intensity of response to the sensitizing applications but these
individuals were not adjudged to be sensitized unless they also gave a reaction to
the test dose.
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concentrations of the same chemical as the sensitizhig dose; 2. to
compare the sensitizing abilities of two different chemicals applied
TABLE 1
White males
SENSITIZATION
NUMBER OF INDI-
VIDUALS ON WHOM
THE SENSITIZATION
WAS ATTEMPTED
NUMBER OF INDI-
VIDUALS SENSI-
TIZEI) BY THIS
EFFORT AT SENBI-
TIZATION
TOTAL NUMBER OF
INDIVIDUALS
SENSITIZED BY THIS
AND BY PRECEDING
ATTEMPTS
LOST
A. Dinitrochlorbenzene, 1: 104) dilution
1
2
3
4
20
25
7
4
4
18
2
0
4
22
24
24 1
A. Dinitrochlorbenzene, 1:1000 dilution
1
2
3
4
30
29
21
7
1
4
1
1
1
5
6
7
4
13
B. Paranitrosodimethylaniline, 1:100 dilution
1
2
3
4
29
15
4
3
14
11
1
0
14
25
26
26
B. Paranitrosodimethylaniline, 1:1000 dilution
1
2
3
4
30
26
18
5
4
4
2
0
4
8
10
10
4
11
* The number of individuals on whom a sensitization was attempted plus the
number of individuals sensitized by the previous attempt should equal the number
of individuals used in the previous attempt provided no individuals were lost.
Unfortunately we were not able to complete the four attempts at sensitization
on all the individuals with whom we started and who failed to become sensitized.
The only importance of this is that it required a correction from a statistical point
of view in evaluating the successes obtained on any given sensitization and com-
paring these with the successes obtained at some other attempt. It is seen that
the losses were serious only in the case of the 1:1000 dilution of each chemical
and here really only between the 3rd and 4th attempts at sensitization.
in identical fashion; 3. to study the effect of repeating a sensitizing
exposure on the development of sensitivity. For this purpose
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white males 20 to 60 years of age were used. All of the patients
were ambulatory and were presumably in as good a state of gen-
eral health as any ambulatory population in the same age range.
All had mental disorders.
Two sensitizing strengths of each chemical were used.
Strength 1 was a 1% dilution and strength 2 a 0.1% dilution.
Every other patient had applied 0.1 cc. of the 1% solution of the two
chemicals. The alternate patients received similarly 0.1 cc. of
the 0.1% solution of the two chemicals. Approximately one
month after the application of the sensitizing dose, the patients
were tested in order to see if they had become sensitized. If they
had become sensitized to both chemicals, no further sensitizing
doses were applied. If they had not become sensitized, another
sensitizing dose was applied either with both chemicals or with the
chemical to which they had failed to become sensitized. Ap-
proximately one month later they were tested again to see if the
second effort had succeeded in sensitizing them. These pro-
cedures were repeated until each patient had become sensitized or
until each patient had had four efforts at sensitization. The re-
sults obtained are given by table 1.
CONCLUSIONS6
1. It is obvious that with both chemicals the 1% strength is a
much stronger sensitizer than the 0.1% strength, as is evidenced
by comparing the total number of individuals sensitized by all
four attempts with the respective strengths. However, at any
given attempt the differences between the two strengths were sig-
nificant only in the case of the second attempt at sensitization with
A and with the first and second attempts for B. These findings
may indicate that the strength of the allergen is a more important
factor in the engendering of an eczematous sensitization than is
This time interval was our original intent, but for various reasons it was not
possible to be as uniform as we would have liked to have been in this connection.
We hope subsequently to study the influence, if any, of varying the time periods.
6 For all statistical work we are indebted to Dr. B. J. Vos, Jr., of the Federal
Food and Drug Administration, who did all the necessary calculations and also
made many valuable suggestions. The word "significant" is used here in its
statistical sense meaning that the probability of the distribution obtained, being
from chance, is less than 5 in 100.
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repetition of the exposure, at least within certain ranges. The
findings might also be interpreted as meaning that there is a
threshold strength, but that exposures below this threshold, even
if repeated, will not cause the development of an eczematous
sensitization.
2. It would appear that there is a law of diminishing returns in
the yield of individuals sensitized by repeating the exposure (after
the second) to the sensitizing dose of an allergen. With the tech-
nique used it did not seem that much was to be gained by a third
attempt at sensitization and still less by a fourth. While we
would not care to generalize from this very limited study of this
point, the observation might mean that if an individual does not
become sensitized by an early exposure to an allergen, the chances
of his becoming sensitized by subsequent exposures at a constant
concentration become less and less.
3. In all four instances (i.e., with both strengths of both chemi-
cals), the second attempt at sensitization gave a higher percentage
of sensitized individuals than did the first but only in the case
of the 1% concentration of A was the difference statistically sig-
nificant.
4. In general, chemical B (paranitrosodimethylaniline) would
seem to be a slightly stronger sensitizer than chemical A (2:4
dinitrochlorbenzene). The results, however, show that in com-
paring two substances as to their respective eczematous sensitizing
abilities, one must consider several factors among which are: (a)
the concentration at which the substances are to be employed and
(b) the number of exposures to the allergen. For with the 1%
solutions on the first attempt B was significantly stronger than A.
At all subsequent attempts with this strength and on cumulative
reckonings, the differences are not significant. With the 0.1%
solutions the ratio between A and B is of the same order of magni-
tude but because the absolute numbers of positive responses are
smaller, the difference is not sufficient to attain statistical signi-
ficance. We feel that this is a very important observation and so
far as we know a new one. This observation may mean that there
is an optimal sensitizing strength for a single application. In
comparing two substances on this one point, it would then be
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necessary to use the optimal strength for each substance rather than
the same numerical strengths.
II. COMPARISONS BETWEEN THE NEGRO AND WHITE
It has been a matter of clinical observation that there are ap-
parent differences in the incidence of allergic processes in the white
and Negro races. These racial differences have been noted in
asthma and hay fever and in contact dermatitis. In various
trades where dermatitis is one of the industrial hazards, the Negro
seems less predisposed to the development of such eruptions than
is the white. At least as far as the allergic type of contact derma-
titis is concerned, this observation might be explained in that the
Negro's skin is simply less capable of reacting than is the white's
or that the Negro is less capable of developing a specffic sensitiza-
tion of an eczematous nature. This last fact, if true, would be of
practical value to industries where such sensitization constitutes
an industrial hazard and would also be of theoretic interest par-
ticularly in respect to the racial and genetic predisposition to the
development of eczematous sensitization.
As a part of some general studies that we are engaged in on
eczematous sensitizations, we endeavored to determine if there is
any difference between the Negro and the white in this respect.
We believe that the experimental approach to this problem is in
certain respects superior to a statistical evaulation of spon-
taneously acquired eczematous sensitizations. Unless very large
groups are studied, the underlying biologic difference—if one
exists—may be obscured by variations in the size of the sensitizing
dose, in the duration of exposure and in other uncontrollable fac-
tors which may influence sensitization. We therefore attempted
to sensitize a group of whites and a group of Negroes to the same
chemicals and to see if any differences in incidence of sensitization
between the groups became apparent.
A group of adult white males and a group of adult Negro males
(probably not full-blooded) of comparable ages and living in the
same environment were selected. The individuals were all in
good health except for various mental disorders. The chemicals
used were (1) 2-4 dinitrochlorbenzene and (2) paranitrosodi-
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methylaniine. The technique was identical with that described
in the first part of this paper.
The results obtained are given in table 2.
TABLE 2
sErqsz-
rzz-
TI0N
WHITE HLEB COLORED M4LE8
Number of
individuals
on whom
the sensi-
tization was
attempted
Number of
individuals
sensitized
by this
effort at
sensitiza-
tion
Total num-
her of mdi-
viduals
sensitized
by this and
preceding
attempts
Lost*
Number of
individuals
on whom
the sensi-
tization
attempted
Number of I Total num-
individuals ber of mdi-
sensitized I viduals
by this I sensitized
effort at by this and
sensitiza- preceding
tion j attempts
Lost
A. Dinitrochlorbenzene 1:100
1
2
3
4
29
25
7
4
4
18
2
0
4
22
24
24 1
51
41
29
22
2
7
5
1
2
9
14
15
8
5
2
B. Paranitrosodimethylaniline 1:100
1
2
3
4
29
15
4
3
14
11
1
0
14
25
26
26
50
41
31
24
3
6
3
0
3
9
12
12
6
4
4
* The number of individuals on whom a sensitization was attempted plus the
number of individuals sensitized by the previous attempt should equal the number
of individuals used in the previous attempt provided no individuals were lost.
Unfortunately we were not able to complete the four attempts at sensitization
on all the individuals with whom we started and who failed to become sensitized.
The only importance of this is that it required a correction from a statistical point
of view in evaluating the successes obtained on any given sensitization and com-
paring these with the successes obtained at some other attempt.
CONCLUSIONS6
1. Using two eczematogenous substances (2:4 dinitrochior-
benzene and paranitrosodimethylaniline) as the sensitizers, we
found that Negroes are less readily sensitized than are white
persons under the experimental conditions described.
2. With a single attempt at sensitization, a significant difference
between the races was found only to paranitrosodimethylaniline.
The difference in the incidence of sensitization to 2:4 dinitro-
chlorbenzene in the races was not significant.
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3. Repeated attempts at sensitization with the two substances
revealed a significant difference between the races, this difference
becoming manifest at the second effort and being maintained
throughout the further efforts.
4. These results show the extreme caution that must be used in
interpreting sensitization studies on the two races. It is apparent
that if we had used only the one allergen and had made only one
effort to sensitize with this allergen, we would have come to quite
a different conclusion.
5. It is of interest to note that in the case of the Negro, as in the
case of the white, we obtained a higher percentage of sensitized in-
dividuals by our second attempt at sensitization than by our first,
but in the case of the Negro the difference did not attain statistical
significance with either chemical.
DISCUSSION
Da. MARION B. SULZBERGER, New York, N. Y.: Drs. Rostenberg and Kanof
have worked with a simple experimental procedure and have succeeded in bringing
to light entirely new facts. I do not think that any of us knew that these two
substances would differ in this way in their capacity to sensitize skin in deliberate
experimental exposures. The presenters have discovered that we can distinguish
between allergens which have more of a cumulative sensitizing effect and allergens
which have a more direct sensitizing effect, so that a single exposure produces the
maximum sensitizing action.
The experiments also prove a fact which, although fairly well recognized
clinically, has not been generally accepted; namely, that Negroes are less suscep-
tible to contact-type eczematous sensitization than are whites. However, these
experiments do not go into the causes for this difference. It may be mechanical
and due to the different thickness of the horny layer. Whatever the reason, we
have here the first experimental confirmation for the clinical observation that
Negroes are less susceptible to eczematous contact-type sensitization than are
whites.
I think that the point is very well taken that one must beware of drawing
conclusions from isolated observations. Itostenberg's and Kanof's conclusions
would have been erroneous had they not persisted in repeating the exposures to
the two substances several times.
We should welcome more and more experimental work of this type with simple
chemical allergens. For the literature on allergy and immunology shows very
clearly that experimentors using complex natural allergens, such as egg-white,
horse serum, bacterial products, etc., because of the complexity of the allergens
with which they are working, often get into a morass which leads to almost utter
confusion. The true laws of sensitization are likely to appear only when one uses
simple allergens, and thus limits the number of variables, just as Landsteiner,
Frei and others have done for many years, and as Rostenberg and Kanof are doing
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here. I wish to compliment the authors on this experimental and statistical
study, and the care with which they have tested their data before drawing con-
clusions.
DR. SAMUEL PECK, New York: The relationship between chemical structure
and sensitizing power of a substance has always interested me. A number of
years ago, we were able to sensitize 100% of the individuals by means of applica-
tion of pure angelecolactone. At that time I contended that the presence of a
double bond between the carbon atoms in this substance was chiefly responsible
for its sensitizing powers. There were individual differences in so far as it re-
quired longer and more frequent applications in some individuals than in others
to achieve sensitization. It was of special importance that skin areas far removed
from subsequently sensitized sites which were tested with dilute solutions of the
sensitizing chemical at the beginning of these experiments, and which showed a
negative reaction, spontaneously flared up with a development of dermatitis.
DR. IRA L. SCHAMBERG, Ann Arbor: I would like to ask: (1) What was the interval
between the sensitizing patch test and the test patch test. (2) The interval
between the 4 successive sensitizing patch tests. And (3) Were the sensitizing
patch tests applied on the same skin site or on different sites.
DR. S. W. BECKER, Chicago: Dr. Julian Lewis of the Department of Pathology,
Univ. of Chicago, has just finished a very extensive work on diseases of the Negro,
to be published by the University of Chicago Press. I had an opportunity to read
over the manuscript and discuss several factors relative to cutaneous disorders
in the Negro, and also functional diseases. Mr. Embry of the Rosenwald Founda-
tion, has written "Brown America," giving the history of the Negro race as we
see it in this country. He emphasizes the fact that most Negroes are the result
of a cross between full-blooded Negroes and white persons, and that now there is
very little admixture of new blood, and that this new race, which he prefers to
call "Brown America" is coming along as a new race of people. The reason for
their lessened hypersensitiveness of the skin is given as its pigmented condition.
I think that reason is valid if we consider some of the other differences between
colored and white skin: for instance, the colored skin is not so apt to develop
keratoses as a result of exposure to sunshine. The colored man working in a hot
retort in industry is not so apt to develop telangiectasis, but I doubt very much
whether the pigment, per se, plays any role in the lessened tendency to become
hypersensitive.
Dr. Lewis and I discussed many times the question of functional disease in the
Negro, and we decided he has a much lower percentage of functional diseases,
hay fever, asthma and various dermatoses, than has the white man, and we must
go back to the biologic differences between the Negro and white skin; that is, the
Negro skin, we might say the protoplasm in the Negro skin, is more stable. It
will be interesting to watch "Brown America" as it develops, subjected to the
same irritations to which the white man has been subjected for many years, and
see whether a few generations hence it will be associated with an increase in
functional diseases in the Negro.
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DR. Louis SCHWARTZ, Bethesda, Maryland: Dr. Rostenberg's paper proves
experimentally what we in Industrial Hygiene and the superintendents of various
plants have known for a long time,—that the Negro is less susceptible to the action
of irritating substances in industry than the white man, and for that reason the
Negro is often employed in occupations where there is serious skin hazard, as in
handling coal tars, various dyes, etc., which have skin irritating properties.
Dr. Rostenberg's experiments alone only indicate this condition; but when you
combine his experiments with our actual experience in industry, the two together
prove almost conclusively that the Negro is less susceptible to allergy than is the
white man.
It is not only the Negro who is less sensitive, but the dark-skinned races as
well, the Italians and, Greeks. They have sebaceous or oily secretions in their
skin and are less likely to become irritated by these chemicals. Those substances
in the secretions of the negro's skin which on decomposing give off the character-
istic offensive odor, may act as buffers or neutralizers of the sensitizing sub-
stances. This may be the reason why colored and dark-skinned men with exces-
sive sebaceous secretions are less apt to be affected by occupational skin irritations
than those workers who have fair and dry skins.
Da. ADoLPH ROSTENBERG, JR., Washington, D. C.: I wish to thank all the dis-
cussors. In answer to Dr. Peck and Dr. Schamberg I wish to apologize for not
giving very much of the technical details, but time did not permit more. The
test dose was applied approximately one month after the sensitizing applications
and as a rule two months elapsed before another sensitizing application was made.
The applications were not made in the form of patch tests. The technic is a little
long to describe here, but roughly, we made a circle of petrolatum and dropped
the solution from a tuberculin syringe. The amount was constant and confined
to the same-sized area each time. Sensitizing applications were made on the
upper arm, and the test applications were made on the lower arm. We discuss
aur criterion for sensitization in the article proper.
Many workers, starting with Landsteiner, have attempted to correlate sensi-
tizing ability with chemical structure, and I recall an article by Sulzberger and
Baer, in which they attempt to make this correlation in man. It is believed that
one can correlate the sensitizing ability with the lability of certain atoms in the
ring structure. Certain position relations are much more labile, more reactive
than other position relations. The position isomers of dinitrochlor benzene can be
arranged in 6 ways. Dr. L. Welch of the Food and Drug Administration has fin-
ished synthesizing all the isomers for us and we propose to study the specificity
of the eczematous sensitivity also, if possible, to correlate the sensitizing ability
with the kinetic energy of the compound.
Dr. Peck referred to the flare-up reactions. Flare-ups at the site of applica-
tion often appear about the ninth day, and usually indicate that the individual
has become generally sensitive. However, using our criterion for sensitization
it often indicates a purely local sensitivity. Not infrequently we noted strong
reactions on the upper arm and absolutely negative reactions on the lower arm.
We hope to study this problem.
I wish to say one final word concerning the comparisons of the Negro and of the
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white man. All the speakers are absolutely correct and we have not attempted
to interpret our results. Dr. Sulzberger may be correct in saying that the differ-
ence is predicated on something as simple as the horny layer. So far as pigment
is concerned, I am inclined to agree with Dr. Becker, but that is purely an impres-
sion. We have however, experimented on several extremely light-haired individ-
uals, and they failed to become sensitized. It surprised us somewhat that they
have been among the most tolerant of our test subjects. It is my impression that
the ability to develop an eczematous sensitivity is not a function of the pigment
condition of the skin.
